Background: Obstructive adenotonsillar enlargement is known to cause failure to thrive in children. The effect of adenotonsillectomy is not well documented on the growth of affected children. The study was carried out to investigate the effect of adenotonsillectomy on growth of children with obstructive adenotonsillar enlargement. It was a quasi-experimental study consisting of 62 children (≤ 12 years) with obstructive adenotonsillar enlargement and 62 healthy controls. Variables measured at baseline, sixth week and 13th week post adenotonsillectomy, were weight, height, mid-upper arm circumference, and triceps skinfold thickness. The percent of weight-for-age and height-for-age were, respectively, calculated by dividing the child's weight and height by the median expected weight and height (i.e., the 50th percentile) based on the child's chronological age. The obtained weight-for-age and height-for-age values were used to determine the presence of failure to thrive and stunting, respectively. Results: Majority (70.6%) of the patients with malnutrition were from a low socioeconomic class. At baseline, failure to thrive and stunting were found among 17 (26.4%) cases and 11 (17.7%) controls, but the proportion reduced to six (9.7%) and three (4.8%), respectively, at the 13th week post adenotonsillectomy. There was a steady increase in weight-for-age, height-for-age, mid-upper arm circumference, and triceps skinfold thickness in both cases and controls from baseline to the 13th week. However, there was a significant difference in percentage variation of these variables between the two groups. Conclusions: Adenotonsillectomy improved the growth of children with obstructive adenotonsillar enlargement and hence recommended in cases with failure to thrive and stunting.
Background
Adenoids and palatine tonsils are lymphoid tissues located at the pharyngeal portion of the upper aero-digestive tract. They form part of the body's first line of defense against infection and are involved in both cellular and humoral immunity. Acute and chronic antigenic stimulation of these tissues by bacteria, viruses, food, and environmental irritants results in both local and systemic antibody production [1] [2] [3] . Inflammation, infection, and allergic stimulation of follicles of these lymphoid tissues usually result in their cellular hyperplasia and enlargement, thus causing varied degrees of pharyngeal airway obstruction [4, 5] . The symptoms of obstruction caused by the enlarged lymphoid tissues result not only from their actual size, but also from their relative disproportional size to nasopharyngeal and/or oropharyngeal airway space [6, 7] .
Adenotonsillar enlargement is the most common cause of upper airway obstruction and sleep-disordered breathing in children [8] [9] [10] [11] . The enlarged adenoids alter nasal airflow with resultant mouth breathing. The persistent mouth breathing leads to changes in their muscular vectors with resultant negative effects on mid-facial growth.
The overall effects are narrowed palate, crowded nasopharynx, and an abnormally positioned mandible, the socalled "adenoid facies" [12] .
Obstructive adenotonsillar enlargement, when associated with sleep-disordered breathing in children, may cause failure to thrive [8] [9] [10] . The pathophysiology can be explained with reduced nocturnal secretion of growth hormone, hypoxemia, nocturnal respiratory acidosis, sleep related increase in respiratory effort, excessive calorie utilization, and poor feeding from anorexia, dysphagia, or disturbances of olfaction [13, 14] . The effect of failure to thrive may be more pronounced in developing countries, where malnutrition is still a problem [15] .
Surgical removal of the obstructive, enlarged adenoid, and/or tonsils is hypothesized to prevent and reverse failure to thrive/malnutrition and stunting in the affected children. There is paucity of literature on the effect of adenotonsillectomy on the growth and anthropometric parameters of children with obstructive adenotonsillar enlargement, hence the relevance of this study.
Methods

Study design
This was a prospective hospital-based quasi-experimental study of children aged 12 years and below. The study was approved by the Institutional Ethics Review Committee (UI/EC/12/0045). Written permission was obtained from the State Ministry of Education and head teachers of the purposively selected schools. Informed consent was also obtained from the parents of all the participants. Data collection was done in accordance with the Helsinki Declaration of 1975 as revised in 1996.
Sampling method
Cases were children with clinical and radiological diagnosis of obstructive adenotonsillar enlargement at the health institution where the study was conducted. The controls were healthy children matched for age and sex with the cases recruited from two nursery and primary schools in Ibadan. The patients were consecutively recruited into the study over 10 months (August 2012-June 2013). Exclusion criteria included children with craniofacial abnormality, congenital cardiac anomaly, bronchiolitis/asthma, low birth weight (less than 1.5 kg), endocrinal, and chronic systemic diseases.
Data collection procedures and intervention
A Study Proforma was used to obtain and document participants' demographic data, occupation of parents, and clinical symptoms of obstructive adenotonsillar enlargement, which included nasal obstruction, mucoid/mucopurulent nasal discharge, mouth breathing, snoring, sleep apnoea, failure to thrive, and ear symptoms. The socioeconomic stratification of the participants was determined by the occupational strata of their parent with highest pay [16] . The socioeconomic class was classified into high (occupational classes I and II), middle (occupational class III), and low (occupational classes IV and V).
Determination of adenoid and tonsillar enlargement
The oropharyngeal examination was also performed to determine the size of the palatine tonsils using Brodsky grading method [17] . Plain lateral postnasal space radiograph was done in all the cases. Adenoid enlargement was considered obstructive if the adenoid-nasopharyngeal ratio was more than 0.71 on the film [18, 19] . The adenoidnasopharyngeal ratio is calculated using the Fujioka method by dividing the distance from the outermost point of convexity of adenoid shadow to basiocciput with the distance between spheno-basi-occiput and posterior end of hard palate [20] .
Anthropometric measurements
The weight, height, mid-upper arm circumference (MUAC), and triceps skinfold thickness (TSFT) of all the participants were measured at baseline, 6, and 13 weeks. For the cases, baseline measurement was taken on the eve of adenotonsillectomy procedure. Thereafter, the percentage of weight-for-age was calculated by dividing the child's weight by the median expected weight (i.e., the 50th percentile) [21] . The median expected weight was calculated based on the child's chronological age using the formula 2 N + 8, where N is the age of the child. The obtained percentage of weight-for-age value was then compared with parameter from the Gomez classification (weight-for-age) [ 21] to determine the child's nutritional status. A weight-for-age value of more than 120% is obese, 110-119% is overweight, and 90-109% is normal. The weight-for-age score below 90% is regarded as malnutrition or failure to thrive. Mild malnutrition is 75-89 (grade I), moderate malnutrition is 60-74% (grade II), and severe malnutrition is less than 60% (grade III). Similarly, the percentage of height-forage was calculated by dividing the child's height by the median expected height (i.e., the 50th percentile) [22] . The median expected height was calculated based on the child's chronological age using the formula 7 N + 77, where N is the age of the child. The obtained percentage of height-for-age was then compared with parameter from the Waterlow classification (height-for-age) [22] to determine the degree of stunting if present. A heightfor-age value more than 95% is regarded as normal, 90-95% is mild stunting, 85-90% is moderate stunting, and less than 85% is severe stunting.
The MUAC was measured at the midpoint between the acromion and olecranon processes of each child. Participants with MUAC values less than 12.5 cm or less than 2 SD (− 2 SD) for his/her age and sex were regarded as having a failure to thrive [23] .
The TSFT was measured in centimeters (cm) at the midpoint distance between acromion and olecranon processes of the nondominant hand with the elbow extended [24] . The skinfold was pulled away from the muscle and measured with a caliper. Patients with TSFT values of less than the 50th percentile for his/ her age and sex were regarded as having a failure to thrive [25] .
Statistical analysis
Data collected were inputted into the statistical package for social sciences (IBM SPSS, Armonk, New York, USA) version 17 for analysis. Summary statistics was done using means and SD (standard deviations). Demographic and clinical variables were presented in tables and charts. Anthropometric measurements of the patients with obstructive adenotonsillar enlargement were compared with that of the controls at baseline, sixth, and 13th week using Students t test. The percentage variations for all the anthropometric measurements were computed using the Wilcoxon signed-rank test. The level of statistical significance was set at P value of less than 0.05.
Results
There were 62 cases comprising 39 (63%) males and 23 (37%) females. There were 62 controls comprising 31 (50%) males and 31 (50%) females. The mean age of the cases and controls were 3.8 ± 0.72 years and 3.8 ± 0.23 years, respectively. The socioeconomic status and preoperative (baseline) nutritional status of the patients based on Gomez classification (weight-for-age) are shown in Table 1 . None was observed to be severely malnourished. Participants belonging to the low socioeconomic status were 30 (48.4%); middle socioeconomic status was 11 (17.7%), and high socioeconomic class was 21(33.9%). There were 17 cases with malnutrition and 12 (70.6%) of them were from low socioeconomic class ( Table 1) .
The mean weight of both the cases and controls progressively increased from baseline to the 13th week period. However, the most significant weight increase for the cases occurred from the sixth week to 13th week (Table 2) . Similarly, their mean height and TSFT also progressively increased from baseline to 13th week. Initially, the mean MUAC of the cases decreased from 16.95 ± 2.61 cm at baseline to 15.76 ± 2.73 cm at the sixth week, but later increased to 16.29 ± 2.81 cm at the 13th week post-adenotonsillectomy ( Table 2 ). In the controls, the parameters increased steadily in values from 16.16 ± 1.87 cm at baseline to 16.62 ± 2.33 cm at the 13th week ( Table 2) .
The percentage variations in the weight of cases and controls are shown in Table 3 . At the sixth week, 43 cases had a significant weight increase as against 45 controls while at 13th week, 54 cases had a significant weight increase as against 47 controls. However, the difference in percentage variation in weight between the cases and controls was more marked at the 13th week than at sixth week as shown in Table 3 . At the sixth week, 51 cases had a significant height increase as against 56 controls while at 13th week, 55 cases had a significant weight increase as against 49 controls. However, the difference in percentage variation of height between the cases and controls was also more marked at the 13th week than at sixth week as shown in Table 4 .
There was no significant increase in MUAC of children with obstructive adenotonsillar enlargement when compared with controls at the sixth week (P = 0.10). However, this difference was significant at the 13th week as shown in Table 5 . There was no significant increase in TSFT between cases and controls at both sixth and 13th week as shown in Table 6 . The number of patients with failure to thrive or malnutrition and stunting is shown in Table 7 .
Discussion
This study showed that adenotonsillectomy could improve growth, prevent failure to thrive, and stunting in children with obstructive adenotonsillar enlargement. To the best of our knowledge, this is the first study that investigated the effect of adenotonsillectomy on growth of children in sub-Saharan Africa where there is poverty. The finding from this study supports the report that surgical removal of the anatomic structures causing pharyngeal airway obstruction will improve the growth of the affected children [26] [27] [28] [29] .
The improvement in weight-for-age and height-forage of these patients following adenotonsillectomy may not be unconnected to cessation of labored breathing, which usually consumes the available body calorie, thereby promoting improved feeding and sleeping patterns. The preoperative stunting in the patients could be explained by similar factors that caused failure to thrive or malnutrition [10, 28] . However, the determination of the levels of serum insulin-like growth factor 1, insulinlike growth factor-binding protein 3, and ghrelin before and after adenotonsillectomy could have further confirmed the postoperatively improvement in growth but it is beyond the scope of this study. The mean weight, height, and TSFT of the participants increased steadily from baseline to the 13th week of investigation. In this present study, the mean MUAC of cases reduced from baseline to the sixth week post-adenotonsillectomy before it increased thereafter. The reason for this initial decrease in mean MUAC is unknown.
Tables 3, 4, 5 showed progressive decrease in the number of patients with failure to thrive and stunting. This corroborated the findings from a similar study in Finland [27] , but another similar study recorded an increase only in the mean weight but not in height after adenotonsillectomy [10] . It is only in TSFT that there was a progressive decrease in the number of patients with values less than the 50th percentile for age and sex. It is expected that increased appetite or reduced nighttime caloric expenditure from labored breathing should cause an increase in fat accumulation after adenotonsillectomy in children with obstructive adenotonsillar enlargement. This should translate to an increase in TSFT, as it is a measure of fat mass. Obstructive sleep apnoea causes both daytime and nocturnal sleep disturbance. There is sleep fragmentation, restlessness, and multiple arousals from the effect of hypercapnemia and hypoxemia. This alters the quality and length of rapid-eye movement sleep with the resultant reduction in growth hormone production which is elaborated at this phase of sleep [30] . The poor sleeping pattern is also associated with neurocognitive and behavioral changes such as hyperactivity, attention-deficit disorders, aggression, poor socialization, and poor school performance (specifically deficits in memory, learning, and problem-solving skill) [31] . The effect of adenotonsillectomy on neurocognitive and behavioral changes is beyond the scope of this study.
Male preponderance of cases seen in this study is similar to what had earlier been reported in similar studies [32] [33] [34] . Majority (48.4%) patients had parents in the low socioeconomic class, and this is similar to reports from similar studies in the USA and China [35] [36] [37] . Poor ventilation system in houses occupied by these children may predispose them to recurrent upper airway infection with development of obstructive adenotonsillar hyperplasia. Few studies in the USA have implicated the black race and African American origin as a risk factor for sleep-disordered breathing, and majority of African American parents are in the low socioeconomic class [35, [38] [39] [40] [41] . Twenty-one (33.8%) patients in high socioeconomic class constituted the second highest group. This observation may be by chance or due to allergic stimulation of the adenoid and tonsils by infant formula feeds, which is a common practice among children of the workingclass mothers. A low socioeconomic status is strongly associated with sleep-disordered breathing and malnutrion [35] . More than two thirds (70.6%) of the cases with malnutrition were from low socioeconomic class. Inadequate nutrition and imbalanced diet due to financial constraints may have contributed. A low socioeconomic class has been associated with poor health-seeking behavior and is less likely to be aware of the disease and its deleterious nutritional complications.
Conclusion
Adenotonsillectomy is found to improve weight, height, and MUAC in children with obstructive adenotonsillar enlargement. It is therefore recommended in children with obstructive adenotonsillar enlargement complicated with the failure to thrive and stunting. Targeted and well-coordinated health education to create awareness on adenotonsillar enlargement as a cause of failure to thrive and stunting among parents is advocated. Authors' contributions AJF contributed to the study concept and design, data collection, analysis and interpretation, writing of the manuscript, revision, and final draft approval. ELT contributed to the study design, data collection, manuscript drafting, and final draft approval of the manuscript. PAO contributed to the study design, data analysis, manuscript drafting, and final draft approval of the manuscript. OGN contributed to the study concept and design, manuscript review for contribution to knowledge and correction, and final draft approval. All authors read and approved the final manuscript.
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